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CHAPTER ONE


THE MOONWATCHERS OF LASCAUX


A full moon rose into a cloudless Dordogne sky that September evening. Twenty thousand years ago this place was a small temperate oasis on the southern edge of the great Würm glacier. The ice age that had gripped Europe would continue to hold it for many thousands of years yet. Ancient man made his home here and left behind something extraordinary. As we sped along deserted country lanes, through darkening forests of oak and chestnut, the Moon peered over the limestone cliffs that seem to be everywhere littered with evidence of the Cro-Magnon. Soon, across the valley, we saw what we were heading for. ‘There,’ said my guide, pointing at it, ‘There is the Hill of Lascaux.’


The Moon still played between the trees as we made our way to the entrance of the cave. As I descended the steps the first thing I noticed was the sudden drop in temperature as if signifying the portal to another world, another time. Above ground it was a warm, balmy autumnal night, considerably more pleasant than the damp and misty England I had left earlier that day. It took a few moments for my eyes to become adapted to the cave’s half-light. I had heard about this place, of course, and seen the pictures of it but as I entered the Hall of the Bulls I knew instantly that nothing could have prepared me for just how overwhelmingly beautiful and powerful this place was. Outlined in black and coloured with vivid brown, ochre and rusty-red, bulls and antelope were stampeding across the walls. They seemed to be converging on some significant point in the cave, with their movement captured so well that I would not have been surprised to see them move. The prehistoric cave paintings of Lascaux are surely one of the greatest artistic achievements of my species. Picasso once visited these caves and emerged visibly shaken. Asked why, he replied that he realised that modern artists had ‘discovered nothing’.


I am here with Dr Michael Rappenglueck of the University of Munich, who has studied these caves, and many others, and has in part uncovered some of their mysteries.


Above the shoulder of one magnificent bull there is a collection of small dots. Their familiar shape means that Dr Rappenglueck does not have to convince me that they are the Pleiades, or Seven Sisters. To me it is staggering that the constellation of Taurus, the Bull, is so ancient that it stretches back over fifteen thousand years to the time these caves were painted. These people looked up at the same stars that we see today and bequeathed us a bull with a tiny cluster of stars on its shoulder. I will never look at Taurus the same way again. But there is more.


To one side of the main chamber is the so-called shaft of the dead man and, if you look at it in the right way, you can see the three bright stars that are known today as the Summer Triangle. This is by far the world’s oldest star map, but not a star map as we would know it. Some stars are there but this prehistoric cosmos is also full of animals and spirit-guides. And the Moon is here as well.


Then we are back in the main chamber, heading for the entrance of a spectacular passageway adorned with bulls and horses and strange symbols. ‘Look there,’ says Dr Rappenglueck, pointing up at the ceiling. Beneath a horse so lifelike that you just know that these people loved their animals, I can see a row of dots, some of them forming a loop. The interpretation is that this shows the Moon going through its monthly cycle. It is the oldest lunar calendar yet discovered. I point to the loop, looking puzzled. ‘Perhaps a representation of the brightness of the full moon,’ he speculated.


Another group of dots may also be connected with the Moon. ‘It shows half of the Moon's monthly cycle,’ Dr Rappenglueck said. At the new moon, when it vanishes from the sky, they have painted an empty square, perhaps symbolically representing the absent Moon. ‘Did you know,’ said my guide, glancing around, ‘in many ancient cultures, like in Assyria, a bull represents the moon god. I suspect the antlers of these bulls may also symbolically represent the Moon, as they did ten thousand years later in ancient Egypt.’


We left the cave with a sense of loss. I wanted to get to know these people; imagined that they would be waiting at the entrance, uttering strange words, with their flat stone lamps that burned animal fat, their hands still covered in ochre and black pigment but their eyes bright and full of interest. I almost felt that the answers to my questions would be just a few steps away and that the outside world had changed. But the Moon was a little higher as we made our way back through the still and silent trees. I felt that in a way I had become one of them, one of the moon-watchers of Lascaux.


The Moon has accompanied us since the dawn of time. Every creature that ever lived did so under the Moon. It was here long before we arrived and – who knows – may be here long after we have gone. It has been the Earth’s faithful companion since the chaotic birth of the Sun and its planets, and there are some who believe that without it the Earth would not be the bountiful world it is. On its ancient surface is a record of the solar system’s life – a chronicle long since obliterated from the face of the Earth, a history we have learned to read.


Throughout the ages it has been praised and feared but never underestimated, except perhaps today. We do not give it its rightful place as, living in our cocooned, electrified, centrally heated homes, we ignore it. Not long ago all knew that there was something hidden, almost sinister, about its changing phases and its relationship with water and fertility. Its influence was beneficial yet unsettling, an unseen power that was darker and more mysterious than the unsubtle Sun. Its life in the night sky meant that it was not just an observer of human affairs but a participant in them, as well as an accomplice to the strange forces of the dark. ‘What is there in thee, Moon! that thou shouldst move / My heart so potently?’ wrote Keats. ‘This is the light of the mind, cold and planetary,’ added Sylvia Plath.


The Moon has had many names. In Mesopotamia it was Sin or Ishtar; in Egypt, Hawthor. To the Greeks it was the triple deity Artemis, Selene and Hecate; to the Romans it was Diana; the Chinese, Kwan-Yin. To the Hindu it was Shiva, unstable and as mysterious as madness, and to the Alaskan Inuit it was Igaluk, the supreme being of the universe. She has been a mirror to the world, a waypoint for the souls of the dead, the ruler of the tides and the temptress of time.


Her changing phases marked out time – although they were not in concert with the seasons, as is her way. All ancient calendars were lunar calendars. The practice of starting a month by the first sighting of a crescent was observed by the Babylonians and the Hebrews, as well as the Germans and the Celts.


Her influence is pervasive and unappreciated. So many of our words and customs stem from the Moon. Sabah is an early word for the Moon and sabattu was the full-moon day from which we get the word ‘Sabbath’. And some linguists believe the origin of the word ‘men’ comes from an earlier word for Moon. Furthermore, the familiar nursery rhyme of Jack and Jill going up the hill to fetch a pail of water is a modification of a far more ancient Norse tale of Hjúki and Bil, who represent the waxing and waning of the Moon. So many legends say that without the Moon man would be nothing. Neither would woman. The sometimes dim red light of the eclipse was when the goddess Ishtar menstruated, said to be the time of the blood of the great mother’s wisdom. Fertility is the Moon’s gift.


In France, women who wanted to become pregnant might gather at a certain prehistoric stone and lift their skirts to the Moon, while in South America mothers took their children out under the Moon to give thanks. Even today many people believe that the full moon has an effect on us. The Moon in the water is a favourite Zen metaphor for human life: what we experience depends upon reality as well as our senses, and it is our senses that mediate between the internal and the external world, like ripples in the reflection of the Moon. In China, during the Han dynasty, the emperor Wu (ruled 140–87 BC) had a terrace built overlooking a royal park. It was called fou-yue t’ai, which means ‘for viewing the Moon from below’. To do this he added a lake. There is something stirring about drawing down the Moon into the water.


The Moon is not far away. For the ancient Greeks it was just beyond a spear’s reach or the wings of Icarus; for us three days away by spaceship, travelling 400,000 km. But how many have had the breathtaking experience of looking at it through a telescope, let alone taken the time to understand its rhythms? Despite the adventure of going there, modern man has lost touch with the Moon.


Imagine, now, the full moon rising over the African savannah as it has done since before man counted time. In the fading daylight creatures seek their shelters and those of the night begin to stir. Here, on the game-rich savannahs of sub-equatorial Africa, is another of the places where it all began, where the first steps on our journey to the Moon were paced out.


We are high on the escarpment of the Lebombo Mountains in northern KwaZulu-Natal, which means ‘Place of Heaven’. Above the green cane fields and their irrigation systems there is a place called Border Cave. It is difficult to reach and was until recently the playground of baboons. Now its only inhabitants are a huge rock python and archaeologists. ‘Place of Heaven’ seems apt. It has magnificent views of the surrounding countryside and watching the Moon rise up from the horizon is breathtaking.


Excavations of the sandy floor of this giant, volcanic cave have uncovered the remains of what may be the oldest known evidence of anatomically modern man. Homo sapiens sapiens lived here 150,000 years ago and probably earlier than that. The layers of dust on the floor, which archaeologists sift and call horizons, are pages from the very first chapter of the book of modern humanity. The upper horizons tell of Iron Age inhabitants, probably ancestral Swazis who lived here a few centuries ago. There is evidence of Stone Age occupation, five adults and a 4 to 6-month-old child in a shallow grave. Few places on Earth have been lived in for longer than Border Cave.


They were hunter-gatherers scratching out a living on the vast plains stalking game and anything else they could keep up with. In the cave are the remains of at least forty-three mammal species, including leopard and elephant, and several species that are now extinct. Perforated seashells, possibly used for ornamentation, have also been found. It was from caves such as this that, a hundred thousand years ago, our distant ancestors began a migration to the north towards Europe and Asia, displacing the more archaic Neanderthal man who already lived there. Over many generations, they moved into Europe, through Asia, onto Australasia and across the land bridge that still existed between Asia and the Americas. Over tens of thousands of years they migrated down the spine of North and South America. Some branched eastward and settled in a place that tens of thousands of years later would be called Florida. From there, some of their offspring would depart for the Moon.


In the 1970s a small piece of the fibula of a baboon was found here. As the dirt was rubbed from it, twenty-nine clearly defined notches were seen. It was soon suggested that it had something to do with the Moon. The changing phases of the Moon recur every 28–9 days.


At 37,000 years old, it ranks with the oldest mathematical objects known. It resembles the calendar sticks used by Bushmen clans in Namibia. Tens of thousands of years later, on the other edge of this continent, Euclid’s elements were published in Alexandria and heralded as the greatest mathematical achievement of mankind. But the tiny bone unearthed in Border Cave eclipses it. Mathematics was born in Africa and its midwife was the Moon.


Another incised bone, the Ishango bone, now to be found in the Royal Belgian Institute of Natural Sciences in Brussels, was discovered in the 1960s on the shore of a lake in north-eastern Zaire. It was originally thought to be a record of prime numbers and doubling, perhaps a forerunner of the ancient Egyptian system of multiplication by doubling. But others think it is a six-month lunar calendar recording the phases of the Moon. It is thought to have been carved about 20,000 BC or earlier. Similar calendar bones have been found in Europe.


On the island of Gotland in the middle of the Baltic Sea are strange groves cut into the bedrock and into large stones – over 3,600 of them. They are long, up to 1 m, and up to 10 cm deep. It is thought that they were cut by some kind of pendulum. They were a mystery until it was realised that they were not random in their direction. They were directed at the most northerly and southerly points on the horizon of moonrise and moonset. This is not a straightforward thing to do as the Moon has a cycle of almost nineteen years during which its rising and setting points migrate along the horizon.


Some groves were clearly in groups, and that enabled the date they were cut to be estimated as March 3152 BC. This is about the time that Stonehenge was built, and that has some definite lunar alignments as well. It seems that understanding and marking the motion of the Moon was important to our ancestors. But our ties with the Moon go back even further, as we shall see.


Neil Armstrong, the first man on the Moon, once said, ‘There are secrets on the Moon, there are things to see beyond belief.’ So come and read its story. For a while, think of the Moon and pay no worship to the garish Sun.









CHAPTER TWO


LANDSCAPE OF THE PAST


A slender crescent hanging in the evening sky, a sickle moon, is always a mesmerising sight; Shakespeare called it a ‘silver bow / New-bent in heaven’; for Shelley it was something ‘from the great morning of the world when first / God dawned on Chaos’. Sometimes there is the faint hint of the ashen glow of Earthlight, caused by sunlight reflecting from the Earth’s oceans onto the night-side of the Moon. When I see it, I think of Leonardo da Vinci who explained it. At this time, the Moon has a haunting beauty unmatched at any other phase of its cycle or indeed by any other object in the sky. There is something ageless about the crescent moon with its renewed promise of a new month to come. Long ago the first humans looked up at it with recognition and wonderment. We do so today.


They are all waiting in the dark. The astronomers we shall meet have been gathered from the scattered centuries and placed onto its face. One by one over the next fourteen days, as the earthward side of the Moon is unveiled, the Sun will reach them and ask a silent question as to why they are there. Its light will reach craters, plains, valleys, mountains and many strange formations. It will come up over broken space probes and six times it will rise over human footprints.


Once each month in its orbit around the Earth, the Moon disappears and becomes what is called new, when it lies between the Earth and the Sun. For ancient peoples it was a time when the great unseen power of the Moon made itself felt and when the cycle of heaven was renewed. The Moon disappeared from the sky but was brought back to life after three days, a powerful image. Sometimes when the precise alignment is satisfied, the Moon actually passes across the face of the Sun and a solar eclipse takes place. This occurs because by some coincidence the Sun, being 400 times larger than the Moon, is also 400 times further away, so that the disc of the Moon usually fits over the disc of the Sun. , allowing the queen of the night an attempt to extend her dominion to the daytime sky. Most months, however, the Moon passes a little above or below the Sun so no eclipse takes place and the Moon’s cycle begins anew with a thin crescent. For some it is important to catch the crescent moon as early as they can.


As time passes from the instant of the new moon, the angular separation between the Sun and the Moon increases: each day it moves 13 degrees further from the Sun. If the Moon were a smooth sphere we would be able to see it as a very tiny sliver of light but in practice we do not see a crescent until it is about seven degrees from the Sun. The earliest a crescent moon has been seen with the unaided eye is fifteen hours and thirty minutes; with binoculars, thirteen hours and thirty-two minutes; and with a telescope, twelve hours and seven minutes. In 1966 a camera on a missile launched from the White Sands Missile Range in New Mexico snapped the Moon when it was just 2 degrees from the Sun and just a few hours old.


For centuries, men have scanned the horizon in the region of the setting Sun for the first sighting of the Moon’s thin crescent. Excavations have uncovered Babylonian clay tablets that record narrow crescent moons as long ago as 750 BC but we know that the Sumerians were searching for the crescent at least a thousand years earlier. These days there are computer programs that predict when and where the crescent can first be seen. But for me, the computer-generated maps of the Earth’s surface – those that show the regions from where the Moon’s crescent will first be glimpsed – are dull and sterile. I prefer to imagine an Islamic holy man squinting and straining his eyes against the evening glare to see a tiny arc of light. If he sees it – for a computer prediction must be followed by an actual sighting – he can officially sanction the start of a new month. By the first crescent sighting Muslims align the beginning and the end of their months in their lunar calendar. For them the Moon symbolises the power of God: ‘Allah offered it to Man to help him measure time.’ The Fast of Ramadan occurs during the ninth month of the Islamic calendar: it begins with the first sighting of the crescent and ends the next time it is seen in the evening sky. The Muslims are the guardians of the crescent moon.


Viewing the Moon so close to the Sun represents a great challenge and a risk. Being close to the Sun, it is a slender crescent against a bright background, close to the horizon and seen through a considerable thickness of atmosphere that can distort and obscure. The most favourable times are in the spring in the northern hemisphere and the autumn in the southern hemisphere, when the Moon is at its greatest angle to the horizon. Never sweep for it with binoculars or a telescope when the Sun is in the sky, that way can lead to blindness. But when you do find it, newborn and slender, you can begin to follow it through its lunation – just like the moonwatchers of Lascaux did 15,000 years ago.


When the Moon is a day-old crescent, craters appear as dark elongated streaks and the border between day and night, called the terminator, is delicately ragged. Appearances can, however, be deceptive. Despite what you will see on the Moon, the craters are not really the deep, steep-sided holes they appear to be. Because they are features on a vast scale, they look more dramatic from afar than they do from the surface of the Moon itself. Even the most spectacular ones rarely have slopes that exceed 40 degrees and most of them are shallower. If you stood inside one of the great walled plains we will visit you would have no impression of being in such a place because its ramparts would be far over the horizon. The Moon is a smaller globe than the Earth and its horizon curves away more sharply, leaving the observer with the impression that they are standing on a flattish plain.


On the first day of the 29-day cycle – or lunation – of the Moon, the Sun unites centuries of lunar study by rising over astronomers from the early as well as the modern phase of lunar observation. It greets the 68-km-wide crater Plutarch, named after the first-century writer who had a good idea of what the Moon was like, with mountains and valleys. It also shines upon the smaller crater named after the Nobel prize-winning chemist Harold Urey who, in the 1950s, wrote an important book about the planets and ushered them out of the astronomical doldrums just in time for the space age. However, you would be advised not to search too hard for them on the thin crescent as they are difficult to see and are for dedicated lunar observers only. Pass them by this time; we shall hear of them later.


The Moon orbits the Earth in an almost circular orbit. In our century its greatest distance would have been 406,707 km on 14 March 2002 and the shortest will be 356,509 km on 14 November 2016. It would be more accurate to say that the Earth and the Moon orbit their common centre of gravity called the barycentre. This point is located some 4,800 km from the Earth’s centre, that is, about 1,500 km beneath your feet. The actual location of the barycentre changes constantly during the Moon’s orbit.


The Moon spins on its axis in the same time it takes to orbit the Earth: 291/2 days, called a lunation or a synodic month. But if the Moon’s orbit is measured against the stars then it takes only 27 days and 7 hours to complete one revolution. This is the sidereal month and the difference between the two – two days a month – is about how much each full moon will lag behind the calendar. Look at it in the sky and it will take just two minutes to slide its own diameter across the sky to the west. Its rotation is tidally locked to the Earth and so it keeps the same face pointing towards us as it has probably done for billions of years. There are slight variations in the Moon’s rotation and orbit that causes the Man in the Moon to nod and shake his head, so that over time we can see about 59 per cent of the surface, even though its edges are highly foreshortened. Over the centuries astronomers have often wondered what the far side was like – and what a surprise it turned out to be.


It was in 1651 that an inspired Jesuit priest, the complicated and troubled Giovanni Riccioli, named the lunar seas. The romantic and evocative names he, and the others who followed, chose add a new dimension to the Moon. On day one of the lunation, sunlight finds Mare Marginis, the Border Sea, and moves towards Mare Undarum, the Sea of Waves, and then onto Mare Spumans, the Foaming Sea. Later we will find the Lake of Dreams, the Bay of Rainbows, the Marsh of Decay, the Sea of Nectar, the Ocean of Storms, the Sea of Cold, the Marsh of Diseases and the Lake of Death. On some old maps there is near the limb a Stagnum Glaciei, or the Frozen Pool, which was prophetic given the discovery of ice near the Moon’s poles – something we will come to later.


By the second day, the Sun is rising over the magnificent Mare Crisium, the Sea of Crises. Few sights on the Moon are as spectacular as watching the Sun’s rays illuminate the mountains that surround this vast oval-shaped, lava-filled basin. In many ways, its story is typical of the Moon. Nearly four billion years ago, when the solar system was young and still swarming with rocky debris, something large, perhaps a few tens of kilometres in size, slammed into the Moon here. The resulting explosion scooped out a depression almost 600 km across, scattering across the Moon debris ranging from house-sized boulders to fine dust, and sending shock waves pulsing through the surface. Mare Crisium, about the size of Great Britain, is a relatively young feature, although it is older than the two most recently formed Mare: Imbrium, the Sea of Rains, and Orientale, the Eastern Sea.


Once, Mare Crisium was indeed a sea – but of lava not water. From 300 to 500 million years after the Crisium impact, lava seeped-up through the lunar crust and filled the basin, obscuring some craters and partially drowning others. The lava erupted episodically so we can see flows superimposed upon flows, and sometimes ridges where one flow petered out on top of an older one. It is one of the smaller of the lunar ‘seas’, but one of the most interesting and certainly, by grazing light, one of the most beautiful. As the Moon’s crescent grows it is the first prominent spot to be revealed, which disappears after a full moon.


If you are lucky and catch the Moon at just the right time – and there are astronomers who spend their lives watching through telescopes and waiting for the correct lighting conditions – you will see the peaks of Crisium’s eastern wall greet the lunar dawn. For an hour or two they appear as a strange constellation of stars, when the myriad points of light grow as sunlight races down their slopes. Then comes a moment – perhaps my favourite moment of the whole lunation – when the Sun pokes its head above Crisium’s eastern rim and stretches across the Mare itself. Sunlight pours into the dark abyss and throws the wrinkles and ridges in the Mare’s surface into high relief.


From Crisium’s mountainous south-east border rises a promontory, Cape Agarum. It has been reported that this cape sometimes takes on a delicate misty appearance when the Moon is between two and three days old. One seasoned observer noted that the pass to the east of the cape seems to glitter as the sunset approaches. The highest peak in this region rises some 3.35 km above the Mare surface, and from Agarum a long ridge runs concentric with the low and indefinite border of the Mare, as far as a ring, the remnant of an ancient crater that formed after the Crisium basin but before the lava flooded it. Just beyond Cape Agarum, in the mountains that surround the Mare, can be found the crater Alhazen, formed by the impact of a 5–8-km object. We will hear more about Alhazen.


You need a high-powered telescope to perform the journey around Mare Crisium, but even if you look through a small telescope or a pair of binoculars the view is enthralling, as it dominates the Moon’s shimmering crescent, low down near the horizon. You can never look very long at these features on the Moon, just an hour or so before the light fades. Moving north along Crisium’s eastern shore you pass several high peaks and mountains. A long and narrow valley-like depression, the Mare Anguis, known as the Serpent Sea, can be seen. Beyond, the shoreline consists of a broad, gently sloping plateau with wide passes that reach up into the mountains. These eastern lands are riven with narrow, cutting valleys. Some of the mountain massifs protrude into the Mare and disappear beneath the lava like the foothills of nunataks beneath Antarctic ice. The northern border of Mare Crisium is a fascinating coastline and when the air is still – when astronomers say that the ‘seeing’ is good – you can discern triangular mountains separated by narrow winding valleys penetrating many kilometres into the highlands. When will explorers venture across this region, I wonder?


The surface of Mare Crisium, a solidified mass of lava floes several kilometres thick, is by no means smooth. Under a low light, numerous wrinkles or ridges – at most only a few hundred metres in height – can be seen. They are called dorsa and cast long shadows. Follow one of them – the Dorsa Harker – south and it will lead you to the site of Luna 24, the last moon lander and the third in the Soviet Union’s automated sample return missions. Not far away lies the damaged Luna 23 craft. Designed to carry out the same task, it was crippled during a very rough landing two years previously. Its sample-return canister may still be attached forlornly to the main body of the craft, or sunlight may come across it piece by piece, scattered over the lunar plain. Under a higher sun there appear many minute bright spots and delicate white lines on the Mare, deposits laid down billions of years ago by distant impacts and local volcanoes. These, together with the wonderful fan-like rays emanating from the magnificent crater Proclus that lies just beyond the borders of Mare Crisium, make the south-west portion appreciably lighter than the rest of the surface. We will see later that you can read much of the Moon’s history in the layers of material on its surface.


Follow another wrinkle, the Dorsum Termier, south and it will bring you to the wreckage of the mysterious Luna 15. This was one of the strangest events in the exploration of the Moon. As Apollo 11 was en route for the first lunar landing, a Soviet craft was already in lunar orbit. It was an attempt to steal the thunder of the first manned landing. Just a few hours after Armstrong and Aldrin touched down on the Sea of Tranquillity, Luna 15 was coming in to land on the Sea of Crises.


There are craters on Mare Crisium, though nowhere near as many as on the surrounding highlands. From their numbers astronomers can deduce the age of the surface by the simple rule that the older a surface is, the more craters it has. The largest crater on the Mare is Picard, some 23 km across. It has bright walls that rise 1,500 metres above its floor. East of Picard is a sinuous ridge. Variable in altitude and running beside the border of the Mare, it curves east, ending in a large, partly buried crater-ring. This is truly a landscape of the past.


Mare Crisium is a region of slightly stronger than average gravity that can deflect orbiting spacecraft. These mass concentrations, or mascons, were discovered in the 1960s when spacecraft began orbiting and surveying the Moon. Mascons have not been adequately explained. Some believe that they are regions of heavy lavas below the surface, but there are geological problems with that interpretation. Others argue that they are regions of rock that should have sunk deeper into the Moon because of their high density, but are somehow being supported nearer the surface resulting in a distortion in the Moon’s regional pull of gravity. The gravity anomaly makes the complex task of computing the orbits of lunar space probes all the more difficult. It also causes satellites orbiting at low altitudes to either impact on the Moon or be flung out into interplanetary space after a few years.


Some astronomers still speak of the vast natural bridge they have seen in a corner of Crisium, between the Promontorium Lavinium and Olivium. Some claim that there is a huge arch 30 km in length and 2 km wide that straddles two mountain ranges. As one veteran observer said, ‘It looks artificial. It’s almost incredible that such a thing could have been formed in the first instance, or if it was formed, could have lasted during the ages in which the Moon has been in existence.’ Another astronomer claimed in the 1950s that it was not natural and in fact made of iron! But close-up images of the region, taken by Lunar Orbiter spacecraft that surveyed the Moon prior to the manned landings, show no bridge. It is an illusion caused by the eye straining to see fine detail at the limits of perception. The bridge on the Moon has gone the same way as the Canals of Mars.


The brightest crater in the vicinity is Proclus, the second brightest object on the Moon. It was formed about fifty million years ago when an asteroid, approaching at a shallow angle from the south-west, slammed into the Moon and scooped up bright highlands material and scattered it across the surface in a series of brilliant rays. From orbit, Mare Crisium and Proclus are even more spectacular than through a telescope. Only a few people have seen them ‘up close and personal’ and one of them was Apollo 15 command module pilot Alfred Worden who said, ‘It is almost like flying above a haze layer and looking down through the haze at the surface. Ejecta from that crater Proclus does not look like it is resting on top of Crisium. It looks like it is suspended over it.’


Go south now and look at the Sun rising over the magnificent ramparts of Langrenus, a 136-km-wide crater on the eastern shore of Mare Fecunditatis, the Sea of Fertility. In 1645 Dutch mapmaker Michael van Langren drew the first map of the Moon. In 1992 the veteran lunar observer Audouin Dollfus of the Observatoire de Paris was observing Langrenus using the 1-metre Meudon reflecting telescope, when he noticed a series of glows in the crater. Each time he returned to the telescope he noticed that the shape of the glows had changed. He believes they were due to escaping gas that lifted dust above the surface into the sunlight. Perhaps the gas vented from the extensive series of fractures that can be seen on the floor of Langrenus. The Moon, it seems, is not such a dead world as was supposed.


By day three of the lunation Mare Crisium is visible in all its glory and ghost craters show up in pale outline on its floor. By now its southern neighbour the Sea of Fertility is emerging from the lunar night – larger than Crisium but without its well-defined borders: towards the south it peters out into the highlands near the crater Petavus. To the north a small patch of highland provides the border with Mare Tranquillitatis, the Sea of Tranquillity. From Langrenus you can turn your telescope to the southern uplands. Here the terminator is constantly changing as it moves across uncountable craters. Beyond Petavus lies Funerius and the spectacular Rheita Valley, which is always worth a look and always different as the Sun never catches it the same way twice.


Some in the ancient world looked up at the Moon and believed it to be a mirror that reflected an image of the Earth’s lands and seas. Later Leonardo da Vinci (who has an inconspicuous crater with a disintegrated wall not far from Crisium named after him) argued against the idea, but it crops up many times over the years. I wonder, if the spots on the Moon – the dark maria – were really a reflection of the Earth, do they correspond with actual lands? Perhaps, with some imagination admittedly, the eastern maria – Crisium, Fecunditatis and Nectaris – could be reflections of Africa, and the western maria – Imbrium, Nubium and Oceanus Procellarum – could be Asia. Did any of the ancients who believed this idea look at the Moon’s image reflected in a mirror in the hope of seeing the Earth’s unknown lands? Perhaps they did.


In the Bodleian Library in Oxford is an unusual Arabic map of the world, as it was known in 1570, a few decades before the telescope showed the Moon to be a place with features like the Earth. The map depicts Africa as a great double peninsula, quite unlike the true shape of Africa but more similar in appearance to Maria Fecunditatis and Nectaris. There is even a large island in the South Atlantic that might be Mare Crisium. Curiously, another island on the extreme west edge of the Bodleian map is described as the place where souls of the dead reside, another long-held belief about the Moon. Other Arab maps of the period also show southern Africa as a pair of peninsulas. I wonder if the Mountains of the Moon, the name given to the sources of the Nile on maps of Africa drawn two thousand years ago, were named because it was thought that they could be seen reflected in the Moon?


Galileo said of the Moon at this time, ‘On the fourth or fifth day after conjunction, when the Moon displays herself to us with brilliant horns, the boundary dividing the light from the dark does not form a uniformly oval line, but is marked by an uneven, rough, and very sinuous line. For several, as it were, bright excrescences extend beyond the border between light and darkness into the dark part, and on the other hand little dark spots enter into the light.’ He knew exactly what he was seeing: ‘And just as the shadows of the earthly valleys are diminished as the Sun climbs higher, so those lunar spots lose their darkness as the luminous part grows.’


By day four, Mare Crisium is now fully visible. Proclus is very prominent, the Sea of Fertility is now visible and the Sun is just beginning to rise over the Sea of Tranquillity, the site of the first manned landing. Many space probes litter this place. It was one of the favourite regions for Soviet spacecraft because of limitations in their ability to manoeuvre when in lunar orbit. Luna 16 landed here in 1970 and became the first spacecraft to automatically return a rock sample. Later Luna 20 returned a sample from the highlands between Crisium and Fecunditatis.


The first of the human footprints to see the Sun’s rays during the lunation are the last ones to be placed on the lunar surface. Apollo 17 touched down in the valley of Taurus–Littrow on the south-east edge of Serenitatis in December 1972. One of the darkest regions of the Moon, many of the small craters the astronauts visited in the valley had been made as a result of the formation of the distant crater Tycho over a hundred million years ago. Under a high magnification you can sometimes see a bright landslide that the astronauts visited.


Look for the sharply defined crater Taruntius on the highland between Serenity and Tranquillity. As Armstrong and Aldrin began their descent to the lunar surface for the first lunar landing in July 1969, they looked down on this region and searched for familiar landmarks to guide them on their descent across the south-eastern shores of Tranquillity until they landed near the lunar equator. A part of this region of the Moon was recreated on Earth. As astronauts were being trained for landing on the Moon, the US Army took a high-resolution map of a small section of Tranquillity, the area beneath Apollo 11’s flight path, and recreated the crater field in the Arizona desert by a series of explosions of varying energies. Then the astronauts were flown over it in a light aircraft. The crater field is still there.


The Moon was about four days old when, on the night of 25 June 1178, a Canterbury monk called Gervase and five other monks saw something unusual. There was a bright young moon, and he says its horns were tilted toward the east as is usual for that phase. Suddenly, the upper horn split in two and from the midpoint of the division a flaming torch sprang up, spewing out fire, hot coals and sparks.


Some believe that what Gervase had seen was something large striking the Moon. It is estimated that craters big enough to be seen from Earth are formed at a rate of about one every ten thousand years. During the time they operated, until 1977, seismometers left on the Moon by the Apollo manned landings detected about a thousand moonquakes a year. A small fraction were the result of impacts by meteoroids, but these impacts were much smaller than the one of that June evening so long ago.


Gervase wrote: ‘This year, on the evening of June 18th, when the Moon, a slim crescent, first became visible, a marvellous phenomenon was seen by several men who were watching it. Suddenly the upper horn of the crescent was split in two. From the midpoint of the division a flaming torch sprang up, spewing out over a considerable distance fire, hot coals and sparks. The body of the Moon which was below writhed like a wounded snake. This happened a dozen times or more, and when the Moon returned to normal, the whole crescent took on a blackish appearance.’


Just around the north-east limb of the Moon is the crater Bruno, thought by some to be the youngest crater on the Moon. Bruno is an interesting crater and indeed its rim is very sharp, giving it a new, fresh look. It also has an extensive ray system formed by material scattered in all directions during its formation, and the longest rays for its size of any crater on the Moon. The longer a crater has existed, the more subsequent impacts cover or destroy its rays. The continuous rain of micro meteors and solar wind also eats away slowly at the surface, softening contours and obliterating details. With such an extensive and sharp ray system, Bruno must be young.


As well as seismometers, the Apollo crews left another instrument at each site – a retro-reflector, whose highly polished, closely aligned mirrors allowed Earth-based lasers to determine very precisely the Earth–Moon distance. They are sensitive enough to measure any wobble remaining from that postulated impact. And the result? The Moon is still shuddering from the slam of the object that stuck it eight hundred years ago.


By day five, the magnificent crater Theophilus can be seen where Mare Nectaris meets Mare Tranquillitatis. Theophilus is one of the Moon’s finest craters with a grand central peak complex. The Apollo 16 mission collected several pieces of basalt that are believed to be ejecta from the formation of Theophilus. Nearby are the equally magnificent Cyrillus and the dramatic Altai Scarp, formed at the same time as the impact that gouged out the Nectaris basin. Only a few miles east of Theophilus can be found the medium-size crater of Mädler, named after the German astronomer Johann Mädler who, with his colleague Wilhelm Beer, used a relatively small telescope to produce an excellent map and, in 1838, one of the finest books ever to have been written about the Moon, Der Mond. It has never been fully translated into English.


By now the broad crescent of the Moon is visible during the afternoon and for most of the evening. It will transit – or pass across the meridian – around sunset, so the best time to observe it is during the first hours of darkness. The whole of the Sea of Tranquillity and almost all of the Mare Serenitatis, which joins it to the north, is now visible. On the north-western edge of Serenitatis, the eastern end of the 5.2-km-high Caucasus Mountains is revealed. Travel north and you will reach a mighty crater named after Aristotle, who may not have liked being placed on the Moon believing it to be a perfect, unblemished body. The smooth area immediately north of here is the eastern end of the Sea of Cold, or Mare Frigoris, a long, narrow plain that will take some six nights to emerge from the lunar night.


There is in Serenitatis a tiny crater called Linné, named after the Swedish botanist Carl von Linné. It is small but being in a sparse part of the Mare is easy to see. This seemingly undistinguished crater has caused more controversy than probably any other crater in the history of lunar science or, as it is sometimes called, selenography.


It is only about 3 km across and 500 m deep but on lunar maps prior to the mid-eighteenth-century it appears as a very deep crater. But on 16 October 1866 the German observer Julius Schmidt raised the alarm: Linné had changed from a crater to a white spot. It caused a sensation, suggesting that the idea of the Moon as an unchanging world may be wrong, and over the next few years hundreds of telescopes were turned towards this unassuming crater. We shall tell Linné’s story later.


The shapes of craters on the Moon change with increasing size. The larger the object that strikes the Moon, the larger and more complicated will be the crater. Those with diameters of less than 10–15 km have simple shapes. They are like a bowl, about a fifth or sixth as deep as they are wide, and have rims elevated above the surrounding terrain. Those with diameters from 20 to 30 km have flat floors, but at around 40 km we begin to see central peaks and terraced walls. The central peaks are important because the rocks that comprise them are not from the surface but from 10 to 20 km below the surface, and so they tell us what the crust is made of. Peaks that are above about 250 km high become more complex and sometimes form a mountain-ring structure. Craters containing these peaks are in the process of becoming basins, the largest and most fundamental structural features on the Moon. Craters wider than about 330 km do not have central peaks. The largest structures on the Moon are the multi-ring basins that are over 1,000 km across.


In the south-west of Tranquillity lies the most famous of the many human artefacts left on the Moon: the base section of the Apollo 11 landing module, Eagle, from which Neil Armstrong made the ‘small step’ in 1969. Nearby are three small craters now called Armstrong, Aldrin and Collins, after the crew. Normally lunar features are named posthumously but these are the only nearside features that break that convention. Only 40 km to the north lies the Surveyor 5 craft, a soft lander. Turn north-east and travel a further 60 km and you will reach the place where Ranger 8 struck the Moon and formed a small crater as it was vaporised.


The Sun now rises on Apollo 16, the only manned landing in the highlands and away from the maria. It is the most difficult of the six landing sites to locate through a telescope. You have to crater-hop westward from Theophilus to identify the site, but when you do you can actually see the splash pattern of South Ray crater. The astronauts trampled over this region and the material they brought back was found to be only 2 million years old.


The Moon is now approaching the first quarter, when half of the Earth-facing disc is illuminated. This is the most popular time to observe it as the craters along the terminator are thrown into sharp relief. It will rise around midday and set around midnight, and is bright enough to be conspicuous in daylight. Newly revealed tonight is the Mare Vaporum, the Sea of Vapours, roughly the same size as the Mare Crisium but less defined. It is bounded to the north-east by the Haemus Mountains that form the southern border of Mare Serenitatis. To the north-west are the spectacular Apennine Mountains, a treat to come. Adjoining the Sea of Vapours to the south-west is Sinus Medii or the Central Bay, the nominal centre point of the lunar disc from which latitude and longitude are measured. Two US Surveyor craft, numbers 4 and 6, landed within a few kilometres of each other in Sinus Medii. Contact with Surveyor 4 was lost but it may have landed safely. Surveyor 6 was successful and came to rest near a small ridge. You could walk from one to the other in less than an hour.


Between Tranquillity and Vaporum is the Ariadaeus Rille, a magnificent feature especially when shadows dance along its straight, almost 300-km length. It is up to 5 km wide and someday perhaps it will make a magnificent journey in a surface rover.


To the south-south-east of Sinus Medii by roughly its diameter is the giant crater Albategnius. An ancient formation, its walls are interrupted by many more recent craters. This may be the most prominent crater on Galileo’s first drawing of the Moon in 1609. We suspect it was but cannot be certain because Galileo’s drawing, while impressive, was not that accurate. In 1962 it was the target of the first experiment to project a laser beam onto the lunar surface. As is usual for such old, rounded features, its current sharp relief will appear to diminish considerably as the full moon approaches and the shadows disappear.


To the west of Sinus Medii is a wrecked crater with a disintegrated wall some 34 km across, named after another lunar mapper, Johann Schröter. In 1822 Franz von Paula Gruithuisen, a German health official (who invented a device for crushing gall stones!) and moon-observer, saw what he though was an entire city inside Schröter. In twenty-five thick logbooks he wrote that he could see what he called a fortified structure with regular walls. Here was proof that the Selenites, as he called them, were defending themselves against something: ‘In all probability we have before us a city with underground vaults where the Selenites are forced to live to protect them from the intense heat of the day and the cold of the night … Two straight dykes must have been constructed to block the cold passing wind that rages through the south-western mountains … There is a well sheltered park where the Selenites can catch their breath from time to time … You can make out a star-shaped configuration … It might be a kind of temple, dedicated to the star-gazers … Don’t forget that on the Moon the stars can be seen during the daytime.’


Gruithuisen’s city is just a ruined mountain and a wrecked crater, but it is fascinating to focus on it and imagine what he thought as he stared at it. Unfortunately, there are many who – even today – cling to the belief that they have found artificial structures on the Moon and that space agencies have been engaged in a big cover-up. There are many websites that show unconvincing, fuzzy, overblown images, claimed to be structures or monoliths. They are all nonsense, just wishful thinking. I would certainly like to find an alien artefact on the Moon, which would have survived unmolested by weather for far longer than it would on Earth. There is no evidence that we have seen one, but we have explored so little of the Moon.


Now comes the hour that everyone who knows the Moon even a little has been waiting for. The eastern end of the enormous and majestic Mare Imbrium is glimpsed for the first time. So vast is this Sea of Rains that it will take a further three nights to emerge from the darkness. Someday explorers will visit the grave of Luna 2 that lies hereabouts. It was the first man-made object to touch the Moon. But, despite Soviet propaganda at the time, there will be no scattered field of Soviet metal pennants. The impact would have been so great that it would have created a small crater, leaving no trace of metal; it would have been vaporised.


Here lives the magnificent crater Aristillus and north-north-west of it can be seen Piton, an isolated mountain inside Imbrium that is an eerie sight when the Sun catches its summit. Very few such features exist on the Moon – most lunar mountains belong to ranges such as the mighty Alps, which guard the northern edge of Imbrium. Cutting through the Alps can be seen the sharp gash of the Alpine Valley that stretches north-east across the uplands to Mare Frigoris, the Sea of Cold. With a powerful instrument, a narrow river-like rille may be seen winding along its floor. The huge oval plain that is dark-floored Plato lights up the terminator along with another mountain, Pico. Also look out for Mont Blanc, that can look so dramatic nestled close to the main wall of the Alps north of crater Cassini. It is 3.6 km high, but being 30 km across the average slope is only 15 degrees, so walking up it would require little effort in one-sixth of Earth’s gravity. The sight from the summit must be magnificent, as you would be able to see more than 100 km in all directions. Look north and you would see a great parting in the mountain front, the start of the Alpine Valley.


Apollo 15’s remains lie not far from here in the most dramatic of the manned landing sites. The region is best seen a day or two after the first quarter. Hadley Rille – a winding gash across the surface that is probably a collapsed tube that once held lava – lies in shadow for a while after local sunrise. Look at photographs or with a strained eye through a telescope and, if you are lucky, you can see the elbow where astronauts Scott and Irwin looked into the chasm. Johann Mädler’s colleague Wilhelm Beer has his crater hereabouts. It is 250 km from the base of the Apennines. It is circular with a sharp rim, only 10 km across, one of the simple craters I mentioned. It is a bit paltry considering his contribution to lunar science, but not as paltry as some.


I guess it is not a surprise when I tell you that I often daydream about walking on the lunar surface, to walk in one-sixth gravity across that pristine, elemental landscape, aware of my breathing behind my faceplate and the internal reflections of my visor. What would it be like to stand on top of Mons La Hire before local sunrise? Picture yourself on a sunlit lunar hill surrounded by the black lunar night, when on the eastern horizon you see a dazzling bright point of light: the limb of the Sun is just peeping over the horizon. Looking downward you see the sunlight race over the sun-facing slope and over you.


Now the Moon is gibbous, that phase between quarter and full. It is visible throughout the afternoon and evening, and bright enough to be conspicuous in daylight. It is now that the Moon’s finest mountain range, the Apennines, shows its true glory. The westward march of the terminator has revealed half of Mare Imbrium as a smooth semicircle. On the northern shore of Imbrium lies the distinctive dark circle of Plato; Archimedes, not far away, echoes the larger and darker Plato, said to be one of the centres of mysterious obscuration effects such as strange mists. North, across the long horizontal ribbon that is Mare Frigoris, resides the not-so-large but still interesting crater Anaxagoras. It is just one degree outside the Moon’s equivalent of the Arctic Circle. Because of the tilt of the Moon’s orbit the Sun can vary in altitude by about 12 degrees, meaning that the seasons are slight on the Moon. The maximum altitude of the Sun as seen from Anaxagoras is about 25 degrees, which, combined with the crater's considerable depth, means that the Sun will never clear its southern rim sufficiently to illuminate the whole of its floor, and it may, like many other polar craters, contain a pool of permanent, freezing darkness. We will see that it is in places near the poles that the Lunar Prospector probe obtained evidence of large quantities of ice. If we ever build a base on the Moon, and I expect we will, it will probably be within walking distance of these ice fields.


At the centre of the disc you will see a chain of three imposing craters: Ptolemaeus, Alphonsus and Arzachel. Now watch the sunrise over Ptolemaeus. When sunlight strikes its floor at a grazing angle you can see an amazing variety of features, depressions, hills and tiny craters. Alphonsus is named after the thirteenth-century Spanish king Alfonso the Wise, who once said, ‘Had I been present at the creation, I would have given some useful hints for the better ordering of the universe.’ In 1965 the probe Ranger 9 transmitted a series of spectacular images of Alphonsus before impacting north-east of its centre. In 1956 an American astronomer thought he saw what looked like a cloud hanging over its central peak and, two years later, Russian astronomer Nikolai Kozyrev saw a cloud with a reddish glow while observing the same area from the Kharkov Observatory in the Crimea. Perhaps it is evidence of weak volcanic activity.


Kozyrev was arrested by Stalin’s secret police in 1936 during a purge of ‘dangerous’ intellectuals. His wife was also imprisoned, along with the wives of other astronomers. He was sentenced to two years in a labour camp but soon the sentence was altered, to death. He was saved because there was no firing squad at his prison. Fortunately his second appeal was successful and he was sentenced to ten years instead. He died in 1983 and has a crater on the Moon’s far side named after him.


Although Imbrium is glorious, do not ignore the other end of the Moon for it has wonders of its own. Set into the southern edge of the Mare Nubium is the old, walled, plain Pitatus, on the western edge of which is the smaller and similarly old Hesiodus. There is a breech in their shared wall which, when the morning terminator is nearby, produces the Hesiodus Sunrise Ray – a beam which briefly arcs across the floor of the crater. Adjacent to this is the smaller Hesiodus A, an example of an extremely rare double concentric crater, the result of an impact being followed by another smaller impact on exactly the same spot. I suppose given the number of impacts on the Moon, it had to happen somewhere.


Look to the south and you may see the crater Tycho. It is a modest feature now, but in just a few nights it will become the centre of a huge ray system that will dominate the entire Moon. In 1968 Surveyor 7 landed on its northern rim. By the time of Surveyor 6, the Surveyor project mission goal – to understand the nature of the Moon’s surface for the manned landings – had been achieved, so Surveyor 7 was given to the scientists to land just where they wanted, and they chose Tycho. Two diameters to the south-east of Tycho is the massive Maginus, a 185 km-wide walled plain, its walls still 5-km high despite hundreds of millions of years of battering by meteorites. Look at it well for it has an impressive grandeur, but by the time Tycho reaches its full glory, mighty Maginus will have become almost invisible. Apollo 17’s samples of ejecta from Tycho show it to be 108 million years old.


By day nine of the Moon’s cycle the terminator has reached one of the Moon’s finest sights: the magnificent terraced crater Copernicus. Although not the largest crater (this title belongs to Bailly in the southern uplands) nor deepest (probably Newton), nor the brightest (Aristarchus), nor the crater with the largest ray system (Tycho), it is undoubtedly one of the most dramatic features on the Moon. In 1966 the US Lunar Orbiter 2 was only 45 km above the Moon and looked northwards across Copernicus. The picture it took was called the ‘picture of the century’: you can see the ramparts and the plains in-between and the 400-m-high central peak. Before it was cancelled, Apollo 20 was due to have landed on that central mountain and sampled material from inside the Moon. Look on it now, and wonder what could have been.


About a billion years ago an object several kilometres across smashed into the Moon on the southern shore of the Sea of Rains. The asteroid penetrated so deep into the Moon’s crust and the explosion was so enormous that a crater nearly a hundred kilometres wide was gouged out. Streams of vaporised rock flew upwards in all directions and fine material in the form of minute glassy particles was thrown over the Moon. Having been compacted, the lunar crust rebounded and thrust great blocks of crust upwards to form the central mountains that were then surrounded by vast lakes of molten lava. The great seventeenth-century astronomer Johannes Hevelius called it Mount Etna and Michael van Langren called it Felipe IV of Spain and set it in King Felipe’s Ocean. South of Tycho, which is becoming more prominent with each passing hour, is the huge Clavius. Even foreshortened by its high latitude it is a dramatic sight, and you can clearly see that its floor is convex because of the Moon’s curvature. A series of diminishing craters runs in a pretty curve across the floor from the south to the west wall. There are six in all and they make an interesting test of a telescope’s power to count how many are visible.


Day ten is the night of the young craters Copernicus and Tycho. To the north of Copernicus the whole of Mare Imbrium is seen, a smooth ellipse bounded by mountain ranges: the Alps, the Caucasus, the Apennines and the Carpathian Mountains. What a titanic impact it must have been to create the Imbrium basin! On the north-western edge of Imbrium lies the beautiful Sinus Iridum or the Bay of Rainbows. Ringed by the Jura Mountains, this is one of the most enchanting sights on the entire Moon. The lovely Bay of Rainbows is truly something to see. Its sunrise, when the floor is in shadow and the Jura Mountains are illuminated – so they seem to protrude into the blackness and give a ‘Jewelled Handle’ effect’ – is heartbreakingly beautiful. Someday, someone will be the first to stand in this bay, on the almost black lunar surface the stars above, and in the west a wavy, horizontal sunlit band of lunar mountains with, in the east, the glow of the solar corona and the zodiacal light that herald the dawn. The western arm of the bay is the Heraclides promontory and there exists an intriguing drawing of this region by Jean-Dominique Cassini, director of the Paris Observatory in the seventeenth century, discoverer of a gap in Saturn’s rings and mapper of the Moon. On one of the drawings the promontory appears as a lady’s head looking out into the Mare. These so-called moon maidens can be seen from time to time, though none are as enchanting as the one drawn by Cassini. The eye likes to see patterns and we are programmed from birth to see faces in carpets and curtains and, yes, on the Moon. Nearby, about 50 km to the south-west, lies the silent Lunokhod 1. For more than a year starting in 1970 it was the first wheeled vehicle on the Moon. Remotely controlled from the Earth, it roamed across 11 km and saw over two hundred lunar panoramas. It survived several lunar nights.


The Sun now reaches the landing site of Apollo 14 at Fra Mauro, a region of battered craters with broken rims inundated with solidified lava. Only 150 km to the west lies Apollo 12 with Surveyor 3 right alongside. Fra Mauro is an interesting, old-looking region. Several Apollo rockets and discarded Apollo Lunar Module ascent stages were deliberately crashed into this region although their impact-craters are too small to be visible from Earth.


By day eleven the gibbous moon is visible for the evening and for much of the morning, and it will transit during the few hours before midnight. By now the mighty Oceanus Procellarum is showing more of itself each night. You can also witness sunrise over Kepler, which, although only about 30 km wide, is a complex young crater with a marvellous ray system. North and slightly west from Kepler the intriguing Aristarchus can be found. At full moon this is the brightest object on the lunar surface. It is 43 km wide and 3 km deep. In 1969 the crew of Apollo 11 saw a luminous glow in this region. The largest sinuous valley on the Moon is nearby. Schröter’s Valley, named after the German astronomer Johann Schröter, starts about 25 km north of the crater Herodotus. It resembles a dry river bed with numerous meanders and eventually opens up to form what observers call a Cobra’s head,, thought to be a collapsed lava tube.


For centuries there have been reports of Transient Lunar Phenomena (TLPs), reddish or bluish glows, mists and, sometimes, bright flashes near certain craters and valleys. There are several explanations: weak volcanic activity, perhaps, or the escape of gasses trapped beneath the Moon's surface, or impact by meteors. Many lunar geologists have doubted their existence. The Moon, they have argued, is a dead world. There might perhaps be a rock fall here and there, or a small impact by a meteor, but not volcanic activity.


In 1994 the Clementine lunar orbiting satellite returned over two million images and provided an unprecedented opportunity to study the question of TLPs. As Clementine photographed the Moon from orbit, a team of amateur astronomers were mobilised to provide almost continuous observations of our satellite and in at least four cases Clementine images were obtained before and after reports of TLPs by ground-based observers.


One exciting case concerned an incident near the Cobra Head on the Aristarchus plateau. On 23 April 1994, amateur astronomers noticed a ‘possible obscuration over the region’. Clementine images taken on 3 March and again on 27 April do indeed show a change: part of the region is a slightly different colour. It is also a region where TLPs have been seen in the past. Perhaps pockets of gas seep up through the ground and, when caught by the bright rays of the lunar dawn, glow in reds and blues. Or perhaps heating effects cause sub-surface explosions. Either way, as a world, the Moon is dead. But it seems that occasionally, in specific places, something does stir.


By now Gassendi is almost fully illuminated. Nearby craters Grimaldi, Riccioli and Hevelius, named after early mappers of the Moon who were engaged in the first moon race, can be seen on the other side of the Moon from Langrenus. Grimaldi, first seen last night, stands out conspicuously dark, and tonight it is joined by Riccioli just to the north-west. Here another cluster of spacecraft lies scattered across the lunar plains: Luna 9, which made the first landing on the Moon and sent back the first picture from the lunar surface, as well as Luna 8 and 13. On the edge of Procellarum not far Luna 9, is the tiny light speck of the crater called Galileo, hardly a fitting tribute to the man who first saw the Moon for what it is: a mountainous, three-dimensional world.


The southern shore of Oceanus Procellarum is one of my favourites. Here in a wrecked, almost classical landscape are vast ancient craters deluged by lava. Letronne is half there and half not while the surface of the Mare ripples occasionally, outlining a crater’s rim buried below the surface. Below Mare Humorum is the large crater Schickard, with a dark, convex floor. Its curvature is so strong that it prevents its walls from being seen from its centre. And then there is the oddity that is Wargentin – nearer the limb than Schickard – one of the weirdest objects on the Moon. Until recently astronomers puzzled over Wargentin, which appears as a crater filled to the brim with lava, forming a plateau. The twentieth-century astronomer Harold Urey used to keep pictures of it in his study and say, ‘Wargentin worries me,’ but nowadays we see it as something quite simple. At some point in its history, lava welled up from inside and was contained by its even and unbroken walls. Then, just before it reached the rim, the flow stopped and the lava set. The result is a smooth, flat-topped disc, which has been nicknamed ‘The Thin Cheese’ due to its resemblance to a huge Camembert, which is not quite green cheese!


We are almost at full moon, when the shadowless Moon takes on an entirely new appearance. It transits at midnight, and there is nothing quite like midnight moonlight when the Moon is full.


The full moon is visible throughout night. Such a bright light in the sky, when combined with the right atmospheric conditions, can create some interesting optical effects such as the ghostly lunar rainbow, or moonbow, whose colours are less intense but in their subtlety as impressive as a daytime rainbow. When ice crystals are present in the high atmosphere a lunar halo can sometimes be seen. Because the crystals have six sides they normally refract light at an angle of 22 degrees, creating a halo around the Moon of that diameter. But sometimes a halo is produced by other light refractions through the ice crystals and a halo can appear at 46 degrees, but if you are ever lucky enough to see one, look carefully at it. You will notice that its pale colours are reversed; the inner edge of the 46-degree ring is reddish and its outer blue, just the opposite of the 22-degree ring. With the right combination of humidity and angle sometimes a mock moon, or a moondog, can be seen at one of several angles to its side.


When high in the sky the Moon will appear much smaller than when it is rising or setting, a phenomenon known as the Moon illusion. When viewed close to the horizon the Moon appears to be much larger than when it is high in the sky – strikingly so. In reality, there is no difference; the effect is one of perception. But why we should perceive the low-down Moon as larger is a question that has puzzled scientists and philosophers for thousands of years. Ptolemy proposed the notion of ‘filled space’, saying that when the Moon is near the horizon our brains can see it next to familiar landmarks whose size we know. Later the Arab astronomer Alhazen developed this theory. This comparison, which is not possible when the Moon is high, allows our brain to think the Moon is larger. In 1913 an Italian psychologist, Mario Ponzo, tried to explain the phenomenon using a drawing of a railroad track. Imagine a photograph of a railroad track going off into the distance and take two thin strips of paper, each the same length. Place one at the foot of the photograph over the nearest rails and the other over the rails that are some distance away. Now stand back and look at the strips of paper. The upper strip appears to be bigger because it spans a greater apparent distance between the rails, and the brain compensates for this effect. But that cannot be the full story.


Other scientists have pointed out that airline pilots flying at very high altitudes also experience the Moon illusion, so perhaps foreground objects are not the complete explanation. A more recent explanation is that the brain interprets the horizon moon as being much farther away than the elevated moon, having no clues about its distance. When we look at a distant person or car our brain automatically estimates its distance knowing how large humans or motor cars should be. Usually, next to the person or car are many other clues that enable an accurate perception of distance to be computed in the brain. But for estimating the distance to the Moon our brains just do not have the experience or point of reference.


The glorious moon of autumn, the harvest moon, is no ordinary full moon. Throughout the year the Moon rises about fifty minutes later every night but near the autumnal equinox the night-to-night difference is only about thirty minutes, meaning that for a few nights the full moon will rise up just after sunset. For farmers racing to harvest their crops it was a natural blessing, unless you live in the southern hemisphere when the effect is reversed.


The full moon of 22 December 1999 was rather special. That full moon occurred at the time of the northern hemisphere winter solstice, when the Earth–Moon system was closest to the Sun, and at the time when the Moon was at its closest to the Earth in its orbit. It is a line-up that happens from time to time. This means that the full moon was about 25 per cent brighter than the average full moon. But not many were able to see such changes. I remember going out to look at it on that night but could not remember how bright it normally is. I had no immediate comparison. But something strange does happen to the Moon when it is full, telling us something interesting about what its surface is like.


In the day before full, the Moon jumps in brightness by 30 per cent, so that the full moon appears somewhat brighter that it would if the brightness of the Moon’s illuminated surface was merely spread out across its entire face. The mechanism responsible for this lunar opposition effect is still a subject of debate among astronomers and recent studies have yielded contradictory results. A few years ago it was suggested that it is due to an effect called coherent backscatter, that the lunar soil reflected more light in certain directions. Another suggestion that has some support is that simple lack of shadows when the Sun is overhead makes the Moon that much brighter. And very recent studies suggest that both mechanisms have an influence.


Near the eastern limb, north of the Mare Crisium by about its width, is the large walled plain Gauss. With an extremely favourable orientation of the Moon, or libration as it is called, a small crater may be glimpsed to its east at an apparent separation of just over twice its width.
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